Organizations are increasingly focusing their efforts on knowledge management practices to foster the creation, sharing and integration of knowledge. This chapter proposes a framework for classifying such knowledge management practices based on their roles in solving problems and exploring opportunities. By integrating these practices through three value-added processes (identification, preservation and distribution), organizations improve their ability to learn and adapt to changing environments. Innovative business models that include these knowledge management processes will help organizations prosper in the face of rapid, complex change.
INTRODUCTION
A new conceptualization of firms as collections of resources (Wernerfelt, 1984) and competencies (Prahalad and Hamel, 1990) has emerged in the past two decades. Managers have increasingly turned their attention towards management models that place people and intellectual capital at the centre of the organization (Stewart, 1997) . Academia and industry both consider culture, learning, competence, innovation and creativity as important contributors to competitiveness and long-term organizational success. This reflects in no small part the rapid pace of change in many industries, which forces firms to react, adapt and innovate rapidly (D'Aveni, 1994) . The challenges managers face in such an environment are complex and multifaceted.
One response to these challenges, which is easy to propose yet difficult to implement, is for organizations to improve their collective learning. It has become a truism to say that a firm will benefit from having employees engage in ongoing learning; however, changing processes, attitudes and values to create a learning environment represents a formidable managerial challenge (Argyris, 1991; Senge, 1990 ). Yet, as firms explore new ways of organizing around business models and processes that create value, they clearly need to improve the mechanisms through which they learn.
One recent thrust in the movement to create learning organizations focuses on ways to integrate the diverse knowledge of employees. Research into failures in new product development has demonstrated that the critical problem facing many firms is not the absence of good ideas. Rather, companies lack structures and processes to integrate the varied perspectives and knowledge they require to create innovative products (Cooper, 1994) . Integrated cross-functional teams create new products better, faster and cheaper than their functional predecessors did (Wheelwright and Clark, 1992) . Such integration gives team members improved access to colleagues' expertise and perspectives, which in turn results in superior products.
A variety of organizations use teams to integrate employees' distributed knowledge (Mohrman, Cohen and Mohrman, 1995) . Teams, however, require considerable time commitment from members, and are not ideal for certain kinds of knowledge sharing. The search for alternative ways to share the rich and subjective experience-based knowledge that individuals and organizations develop over time has produced a considerable body of literature on knowledge management (e.g. Davenport & Prusak, 1998; Leonard-Barton, 1995; Nonaka and Takeuchi, 1995) . Similarly, researchers are exploring the use of information systems to support knowledge management (e.g. Alavi and Leidner, 1999) . This chapter proposes a framework for classifying knowledge management practices based on their roles in the problem-solving process. Beginning with a discussion of organizational learning and competitive advantage, the chapter explores the connections among learning, knowledge and adaptation. Next, it describes ways in which data and information affect knowledge, and distinguishes among the major focuses of various information systems, including knowledge management systems. The conceptual framework is then specified in detail, and its usefulness in identifying classes of knowledge management practices and systems is assessed. This chapter also proposes a set of value-added processes that enable learning when incorporated in innovative business models. Lastly, it explores the framework's usefulness for identifying dysfunctional processes that do not contribute to learning.
LEARNING AS COMPETITIVE ADVANTAGE
A number of authors have proposed conceptualizations of the fundamental activities that define organizations, including decision making (Simon, 1977; Huber and McDaniel, 1986) and knowledge creating (Nonaka, 1994) . Common to these perspectives is the idea that employees engage in certain activities to improve their organization's understanding of, and thus the quality of its interactions with, its environment. Huber (1991) defines learning as a change in an entity's range of potential behaviours that stems from information processing. Organizational learning, then, is a change in the state of knowledge within an organization (Lyles, von Krogh, Roos and Kleine, 1996) .
Problem solving, which is essentially the same activity as understanding (Popper, 1972) , is the lens through which this chapter views learning. In some cases, the problem to be solved has not yet had an impact on a firm, so when a firm discovers and solves a future problem, it is in effect discovering an opportunity to develop an innovative product or process. This perspective recognizes that organizations are awash in stimuli, and suggests that identifying salient stimuli, interpreting their meaning and responding to them appropriately are fundamental problemsolving activities. Regardless of whether or not the solution is successful, simply by attempting to solve the problem an organization refines its understanding of its environment, increases its absorptive capacity (Cohen and Levinthal, 1990) and improves its ability to react to future stimuli.
Strategic management theory suggests that firms, as with individuals, learn from past experience and can transform that experience into useful knowledge that will improve future competitiveness (Lyles and Schwenk, 1992 ). An organization's unique knowledge can therefore become a source of sustainable competitive advantage (Barney, 1991; Conner and Prahalad, 1996) . It is socially complex, difficult to imitate and is often embedded in not only documents or repositories, but also organizational routines, processes and norms (Davenport and Prusak, 1998) . Just as it can be difficult to externalize some kinds of knowledge, it is also difficult to transfer this knowledge among employees; likewise, it is difficult for competitors to gain access to this knowledge (Boisot, 1998) .
In short, an organization's ongoing problem solving efforts can increase its stock of knowledge and allow it to better adapt to its environment. The effectiveness of the problem-solving process is, however, limited by qualities of the existing stock of knowledge, as discussed in the following section.
Manifest and Latent Information
Problem solving requires data about the situation and the problem domain. Data can be thought of as signals from the environment that reach the senses. When it affects one's knowledge of a situation, it is said to inform (Tricker, 1992) . Knowledge can be seen as a set of internal constructs made up of discriminations and norms (Luhmann, 1986) . The ability to discriminate is reflected in a person's ability to classify data. For example, a casual observer sees a horse trotting through a field, but a trained veterinarian sees a tired and underfed mare favoring her right front hoof. The greater one's knowledge in a certain area, the finer the discriminations one is capable of, and the more precise the norms that exist at that level of discrimination (Von Krogh, Roos and Slocum, 1996) . Information can thus be either manifest or latent -that is, information can be clearly recognizable in data or it may be unclear, hidden or otherwise not discernible. Whether information is manifest or latent in data depends, in part, on the existing knowledge of the individual receiving the data. The more knowledge an individual has in a given domain, the more manifest is the information contained in data the individual observes in that domain (Cohen and Levinthal, 1990) . Conversely, the less knowledge an individual has, the more latent is the information. Manifest information creates within the observer a new discrimination and can trigger the formation of new norms. If the veterinarian in the above example points out the characteristics of a neglected horse, the casual observer may create a new distinction. At one time, this individual grouped all horses together, but now he or she has knowledge to help discriminate between "well horses" and "unwell horses," and may also begin to identify norms about how to deal with each.
Knowledge, then, cannot be directly transferred. Transmitting knowledge from one person to another requires that the sender create data containing information that is sufficiently manifest for the receiver to comprehend the new distinctions and/or norms being communicated. Since communication is a subjective process, the same data that informs one person and changes his or her knowledge of a situation may be too latent for someone else, whose knowledge then remains unaffected after receiving the same data (Argyris, 1980) . By extension, a computer-based information system may therefore be useful to one person and useless to the next. Additional implications of using information systems to transfer knowledge are explored in the following section.
Knowledge Management and Information Systems
Two people exchanging knowledge face to face can ensure that they are transmitting manifest information by watching for cues that signal confusion, uncertainty and lack of comprehension. The two people can use techniques such as repetition, re-framing, elaboration and emphasis to maximize the likelihood that each will be informed by what the other says. Currently, information systems have no such abilities. Indeed, many are unable to communicate advanced concepts such as context and relevance. At best, such systems may permit a user to engage in self-directed ad hoc data analysis to attempt to discover relevance, context and meaning, but the bulk of information generated by traditional information systems, such as transaction-processing and management information systems, is descriptive, being rooted in collected and summarized facts.
Knowledge is a fluid mix of experience, values, contextual information and expert insight that allows people to evaluate and incorporate new experiences and information (Davenport and Prusak, 1998) . When individuals transfer manifest information to others, recipients may learn faster and better than if they had searched through large quantities of descriptive data laced with latent information. Knowledge management systems, then, are information systems designed to organize and present opinions, experience, values, judgments and other forms of personal prescriptive or normative information. Figure 1 provides a visual representation of the differences between knowledge management systems and other common types of information systems. All firms engage in some form of knowledge management, either explicitly or unconsciously, formally or informally. Some knowledge management practices are technology-enabled, while many are not; however, the low cost of computers and networks has created an infrastructure for knowledge exchange and opened up important knowledge management opportunities (Davenport and Prusak, 1998) . Electronic meeting systems and discussion databases, for instance, improve knowledge sharing among organization members. Similarly, searchable directories of employee skills help people find others with the expertise they need. Technology-enabled or not, the relationship of a knowledge management practice to the problem-solving process is an important indicator of that practice's role in organizational knowledge management. The following section provides a conceptual framework that classifies knowledge management practices according to their contributions to problem solving.
Figure 1: Information System Types by Major Focus

A KNOWLEDGE MANAGEMENT FRAMEWORK
A number of authors have proposed classification systems for knowledge management practices. Perhaps the most widely cited is Nonaka's (1994) Socialization-Externalization-CombinationInternalization model, which proposes four classes of knowledge creation based on the conversion of knowledge between tacit and explicit forms. Spender (1993) offers a classification system for knowledge based on distinctions between tacit and explicit knowledge, and between individually and collectively held knowledge. Boisot (1998) proposes a three-dimensional "ISpace" that examines the value of knowledge based on its level of abstraction, degree of codification and degree of diffusion. These classification systems are based on sharp distinctions between different types of knowledge. Though these models are most certainly valuable contributions, their reliance on distinct types of knowledge makes them difficult to apply in practice. Consider, for example, employees undergoing training in public speaking: the training may consist of lectures, videotapes of outstanding presenters and hands-on practice during which employees make short presentations to each other. How does one disentangle the tacit from the explicit knowledge in such a session? Indeed, why would one want to?
This chapter is based on the belief, as Nahapiet and Ghoshal (1998) have argued, that all organizationally useful knowledge has both tacit and explicit dimensions and that the same generic processes underlie all forms of knowledge conversion. Rather than emphasizing the content of organizational knowledge management practices, then, this chapter focuses on their purpose in contributing to organizational performance and effectiveness. In the following sections, knowledge management practices are categorized by their contribution to problemsolving efforts. Problem solving is a mechanism for learning; individuals and organizations develop a better understanding of their environment by recognizing and resolving problems and opportunities. The Knowledge Management Framework (Figure 2) , therefore, provides an important conceptual link between the emerging body of knowledge management literature and the established literature on decision making and problem solving. 
Cells 1 and 4 deal with practices that help individuals recognize problems, while cells 2 and 3 cover organizational practices that help individuals solve problems. This dichotomy corresponds to the concept of "information-processing modes" (Schneider and Shiffrin, 1977) , which posits two different ways that individuals direct their attention. Problem recognition corresponds to "automatic" or "default" processing mode, when no focused search for solutions exists; individuals' attention is spread across a variety of inputs, making it more difficult for them to distinguish an issue from its environmental background. Organizations can improve problem recognition through practices that improve the contrast between issue and background. Problem solving, by contrast, corresponds closely to "controlled" processing mode, reflecting individuals' conscious and focused control of attention as they actively seek to understand particular problems and opportunities. Organizations can assist individuals' problem solving efforts through practices that improve their likelihood of finding the solution they seek. This contrast between problem recognition and problem solving appears in literature on both decision making (see, for example Mintzberg, Raisinghani and Théorêt, 1976; Berthon, Pitt and Morris, 1988) and environmental scanning (e.g. El Sawy and Pauchant, 1988).
Cells 1 and 2 correspond to knowledge generation practices as employees discover and resolve new problems or opportunities, while cells 3 and 4 encapsulate traditional knowledge-sharing practices used to generate awareness of and propagate knowledge about previously solved problems or issues. This dichotomy corresponds to the contrast between "routine" and "nonroutine" problems (Earl and Hopwood, 1980) : new knowledge must be created to solve novel, non-routine problems, while existing knowledge can often solve routine, previously solved problems.
A wide variety of knowledge creation practices have been identified: for example, teams generate knowledge through experimentation and new product development (e.g. Leonard & Sensiper, 1998; Nonaka and Takeuchi, 1995) , researchers discuss their projects with each other and discover opportunities for cross-pollination of ideas (Davenport and Prusak, 1998) and managers implement organizational designs and practices that stimulate innovation (Mohrman, Cohen and Mohrman, 1995) . A variety of knowledge-sharing practices have also been studied and documented. For instance, organizations provide structured training and encourage mentoring, employees engage in peer-review processes, and teams capture lessons learned through postproject reviews.
Cell 1, therefore, represents knowledge management practices that encourage employees to discover new problems and opportunities by exposing themselves to new information and ideas. Such activities include forms of environmental scanning (Huber, 1991) , passive search (Mintzberg et al., 1976) , and noticing (Starbuck and Milliken, 1988) . Organizational knowledge management practices appearing in this category therefore encourage such behaviour by creating a setting in which novel combinations of ideas and information become possible. Examples of activities that encourage unpredictable creative blending and exchange include talk rooms and knowledge fairs, described by Davenport and Prusak as follows:
"[A]t Dai-Ichi Pharmaceuticals, there are rooms with green tea and attractive lighting that researchers are expected to visit for twenty minutes or so as a normal part of their workday. No meetings are held in the talk rooms; there are no organized discussions. The expectation is that the researchers will chat about their current work with whomever they find and that these more or less random conversations will create value for the firm." (Davenport and Prusak, 1998, p. 92) "Several organizations have held knowledge fairs at which knowledge sellers display their expertise and buyers can search for what they need or serendipitously find knowledge that they did not know they needed but can use. Like a trade show or farmers' market, a knowledge fair is a temporary gathering of sellers that attracts potential buyers…. Perhaps the most frequently heard comment was, 'I didn't know we had people doing that!'" (Davenport and Prusak, 1998, p. 46 ; emphasis in original)
In cell 2, organizations support the active creation of knowledge by employees who are aware of a new problem or opportunity, and who are developing novel solutions. These kinds of knowledge generation practices foster creativity and innovation, and have been documented in Leonard-Barton (1995) , Nonaka and Takeuchi (1995) and Wilkström and Normann (1994) . Examples of practices that reflect purposeful knowledge creation include cross-functional product development teams (Wheelwright and Clark, 1992) and communities of practice. Wenger and Snyder (2000) provide an excellent description of such practices:
use cross-functional teams, customer-or product-focused business units, and work groups… to capture and spread ideas and know-how. In many cases, these ways of organizing are very effective, and no one would argue for their demise… but a new organizational form is emerging that promises to complement existing structures and radically galvanize knowledge sharing, learning and change. It's called the community of practice…. [These are] groups of people informally bound together by shared expertise and passion for a joint enterprise…. Inevitably, people in communities of practice share their experiences and knowledge in free-flowing, creative ways that foster new approaches to problems." (Wenger and Snyder, 2000, p. 139) In cell 3, organizations engage in practices that capture and retain knowledge, making it available to employees who are seeking solutions to previously solved problems. These practices include the creation of knowledge repositories, databases of lessons learned through post-project reviews, and knowledge maps, as described by Skyrme (1999) :
"A common approach to managing organizational memory is to capture in explicit form the most important knowledge and enter it into knowledge databases…. Examples of knowledge databases include… customer histories… best practices… products and technologies… [and] bid boilerplates. Explicit knowledge bases, however, typically contain less than 10 percent of an organization's memory. Therefore, other approaches are used to make it easier to access the minds of experts. A common example is an on-line directory of expertise, often called Yellow Pages, because [it is] structured by skill and discipline, not department." (Skyrme, 1999, p. 56-57) Lastly, in cell 4, organizations undertake activities designed to help employees realize they may be facing problems or opportunities the organization has previously addressed and for which solutions have been developed. Examples of such practices provided by Allee (1997) include mentoring programs, training and peer review processes:
"Soft systems skills and group processes… facilitate informal exchange, fostering common problem-solving skills and language. Mentoring programs, too, are beginning to grow beyond their uses in career development to address transfer of expertise…. Training is evolving into 'just in time' multi-media modules that can be delivered right to the workstation." (Allee, 1997, p. 306) Interestingly, these four types of knowledge management practices are usually the responsibility of different groups within an organization; in fact, management may not consider them to be relevant to each other, and thus they may not be actively managed as parts of a whole. For example, Human Resources may be responsible for training, while an information systems group or the functional group requesting a knowledge management system may oversee the creation of knowledge repositories. Product and process innovation may be associated with an R&D group, while responsibility for identifying new problems and opportunities may be distributed to a variety of levels or not actively managed at all.
Together, these four categories of knowledge management practices define mechanisms by which an organization senses environmental change and adapts to it. Managers who wish to develop robust and innovative business models that are capable of evolving in the face of complex changes must build such practices into the organization's ongoing business processes. Although these practices are important elements of innovative business models, the value they generate increases when the outputs of one practice form the inputs to others. The next section of this chapter explores mechanisms for integrating these four categories through a series of knowledge management processes.
Knowledge Management Processes
The mere existence of knowledge somewhere in an organization is of little benefit; it becomes a valuable corporate asset only when it is accessible, and its value increases with the level of accessibility (Davenport, De Long and Beers, 1998) . Systematic processes to improve organization-wide knowledge sharing and integration can be derived from the junctions of adjacent cells in Figure 2 . When knowledge created in one cell informs the practice in another cell, a process can be developed to ensure the systematic transfer and application of that knowledge. Effective knowledge management processes are discussed below, followed by a brief examination of common processes that inhibit knowledge sharing.
Effective Processes
The classification system described in the previous section underscores substantive differences among various knowledge management practices. Understanding these differences allows managers to develop and deploy processes and systems that explicitly seek to optimize knowledge sharing at the organizational level. It is, therefore, proposed that companies will create greater business value by developing knowledge management processes that explicitly link existing knowledge management practices. Three such processes -identification, preservation and distribution -are described below.
Identification. An employee's recognition of a new problem or opportunity can be wasted if it is not formally captured (Figure 3 ) so that it can be evaluated, prioritized and analyzed in light of other organizational knowledge. When organizations deal with this process in a casual manner, they can lose important ideas. A formal identification process manages the flow of the recognized opportunities and problems identified in cell 1 to cell 2. An organization benefits when it systematically brings to light previously undiscovered problems and new opportunities. The identification process reveals gaps in organizational knowledge, allows managers and team leaders to evaluate those gaps, and ultimately can trigger knowledge creation.
Figure 3: The Identification Process
It is important to record new issues or opportunities that will form the basis of a coherent program of experimentation and discovery. This may also involve systematic efforts to analyze and prioritize ideas and issues. Hargadon (1998) provides an example of this type of linking activity in his description of knowledge brokers, who are systematically exposed to a wide variety of issues and problems and create value by recognizing opportunities to innovate based on their learning from other industries:
"Because of their access to a broader range of industries, knowledge brokers typically hold a broader range of ideas than firms working in one or a few industries…. The learning activities of knowledge brokers provide them with an inventory of potentially valuable ideas that help define and solve the problems that clients face." (Hargadon, 1998, p. 218) Preservation. Knowledge gains value as it is shared; the original "knower" can both give it away and keep it (Davenport and Prusak, 1998) . Organizations can assist in this process by recording explicit knowledge in some form of organizational memory after it has been created ( Figure 4 ). In the case of highly tacit knowledge that cannot be recorded, organizations can develop systems for tracking its existence. A systematic approach to evaluating, classifying, recording and tracking newly created knowledge is at the heart of the preservation process. Organizational value is thereby created through processes that move knowledge created in cell 2 to cell 3.
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Figure 4: The Preservation Process
New roles, responsibilities and processes are required to ensure the successful preservation of knowledge in organizational memory. As part of their responsibilities, employees may be formally required to record new knowledge in a variety of ways. This suggests a need to provide resources and incentives to ensure the currency, accuracy and comprehensiveness of the knowledge base, and to evolve this base as an organization's needs change. More specifically, the role of a knowledge management system designer is to develop flexible systems that can evolve over time. New positions will also be required for editors and knowledge base administrators who have a solid understanding of the knowledge being stored in a particular repository, and who can classify, index and keep that knowledge current (Davenport, De Long and Beers, 1998) . Developing the appropriate skill sets and creating the processes needed to preserve the value of a knowledge base represent major organizational challenges.
Distribution. This process ( Figure 5 ) involves sharing knowledge that has been recorded in the organizational memory (cell 3) with appropriate organization members who are likely to benefit from it but are not aware of any specific need (cell 4). At the organizational level, this corresponds to processes that periodically extract newly recorded knowledge, package it, target appropriate recipient groups, and ensure that it is distributed to them. These processes are key to leveraging the value of organizational knowledge, and fine-tuning them is likely to involve a difficult trade-off between distributing enough knowledge and not too much. Employees may ignore distribution systems if they receive more information than they can handle or if the content is not directly applicable to them. On the other hand, if knowledge is processed or refined to facilitate its distribution, it may lose some of its specific, prescriptive value or become too latent for the receiver to grasp.
Dysfunctional Processes
While the above processes reflect a rational perspective on knowledge management, there are a variety of other organizational processes that represent less than ideal uses of resources. Therefore, a secondary goal associated with the design and implementation of coordinated knowledge management processes is to minimize the likelihood that individuals will engage in dysfunctional activities that, while seeming useful at the time, do not support organizational knowledge management. Dysfunctional processes are typically not officially endorsed, formally documented processes, yet they still arise as a result of a lack of clear definition about the right way to do things and of clearly available tools to support proper knowledge management.
Examples of dysfunctional processes include "re-inventing the wheel" and "memory loss." Individuals who become aware of a common problem and subsequently bypass the organizational knowledge base in their search for answers are using resources inefficiently ( Figure 6 ).
Figure 6: Re-inventing the Wheel
Knowledge that is created but not stored in organizational memory, that is either simply forgotten or passed on to learners directly without being recorded, represents a waste of resources, as future problem solvers will have to re-solve old problems (Figure 7) . Similarly, awareness of problems or opportunities that are not subsequently pursued results in memory loss. 
CONCLUSIONS
Organizations create value as they solve problems, prioritize issues and discover opportunities, and record and share the resulting knowledge. This chapter has presented a framework that organizations can use to assess existing knowledge management practices and identify blockages or gaps in the flow of knowledge. It suggests a new conceptualization of processes that can be used to link isolated knowledge management practices and create an organizational knowledge infrastructure that supports a variety of knowledge-sharing activities.
The flow of organizational knowledge naturally touches many individuals, teams and functions. The idea that knowledge management practices within a firm can add significant value by being appropriately linked suggests the importance of cross-functional and boundary-spanning processes and roles. Similar to the way that cross-functional teams improve new product development, boundary-spanning knowledge flows can make organizations more efficient and effective. Innovative business models that are designed to include these knowledge management processes will help organizations prosper in the face of rapid, complex change. Properly implemented, such an approach ensures a flexible organization capable of ongoing adaptation, sustained learning and thus enhanced performance.
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